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i^fi^Z n S e^l§^T--e^)oT, 

y y^lT^'J 7H Z n S el^f^o 

[If *^ 2 ] 

HU IE nl^ Ki^nSZnMgSSel-e*^ mfiepM^ 7 y Kf^plZ nM 

g s s ^m^hh, is*^ i ^fem^z n s e^y&^T-o 

[lf*^3 ] 

0. 0 2 5 eV-0. 5 e V ^ I v\ 1 J l± 2 KgflO Z n S e *H j!6t? o 

«t «9*£v^ W^l -3m>fJl*KE*OZ n S e MUftSfTo 

Huie^'; r«3&*, b e -fr^-tf i i -v i mit&® mim 1 - 4 o^f*i 

j&»£iE1R<Z>Z n s zThMUmi-o 

ttrE^'J TS**, Z m-x-yMgxB e y S e (0. OUy^O. 1)T*&3. ff*^ 
1 - 5 OV»f^KB*OZ n S eM*iTo 

[« 7 ] 

BUfE/^J T®* 1 , Z m-xMgx S y S ei-ytJbS, If 1 - 4 <D <^-f ft^fEffcO Z 
n S e ^^Tt^T-o 
[If ^8] 

7m*r*Lrt»KaEmtf>Z n S e^H^T-o 
[ff*«9] 

«r8E-ft^!»**#««»CnfflZ n S e#ttfi*«*fflv»fe, 1 ~ 8 <D^-ftlfrlZ 

temo Z n S e ^Mitm=^o 
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mmt&yj^mfcmmznMG aAs^M^ffl^it, itai~8<7)^Wi: 
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*»fj»±, I I - V I»Wf#t:It^.Z n S e^lt^%#«#£ffl^Z n S 

e ^#§7t5t^- m ir h i> <n -e & & 0 
[fiW] 
[0 0 0 2] 

Z n S e ig&ti/O K4f * y ^#liSt 2 . 7 e V Ojg^il^MO^^Tab 0 , #- 
itltoMTlMt L«?fttV^o 9#K, 1 9 9 O^ny^X-^iae^tL^: 
M5?t£ K-t'-zn^uiCtotplZ n S e Odt«l75*pI^-Cab & - t tfm$ 
, Z n S e ^Mtf ^Hjfe* * ^ S i 9 i: 4 o fc 0 
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#5W&<btt, Z n S eaMRSMSMBLfcSrL *W&feL ED (Light Emitting Diod 
e)^ftL^M^ioTi^o ^Jl^efeLEDIiniZnS e 3sM<0 S A (Self-Act i 
vatedl Beetefk)f&jfcfcflJJB1-**^"?**o *#»4#jt t L Tl±, nlZnSel 
*E±£ Z n C d S e i&teg kZnMgSSe?77KSt frbmfiL %^%itm ZfiZffc t 

jfemstu ttz-mt&fom^xM-fZo isc a# l s a t > ^ - ^ 

EtoeU SA:)fcj& t S|je$*LSo i O S AMli 5 9 0 n mjSac tf- ^ tj$o|| 

i:i±fifei:|,x.^M^#4^i:^t^ 0 ±^©Sfe LED (ilEl!)^l±^ ? 2 . 7ViS 
[0 0 0 4] 
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(a2) pI^77KI^'J-^ (t-n'-7D-) L, pl7 5 7 KWC^MfcjfeWWtt 
[0 0 0 5] 

JtfEO (a 2) cotiJ^-7)^^^«h^7c:^^^^/cJ6, ^Tt^T- (LD, LED) <Dit 
[0 0 0 6] 

_tSEO (a 2) HfeH-T^Ttai^f&TOP^M^^mi-^/c^tcfi. ffittitpl777 

(bl) iStti^OK^t7 7'^ pl7 7 7 Ki«/0 K+> 7 7*^iA Eg^^i 
(b2) pl^ 7 y Fm<D* * 0 T^Jt^liSP^-^T. pl^7 7 KfW7xJ^ l/^l/ 

(b3) jStt«^aA-r4*aE*ftS:TtfSo 
[0 0 0 7] 

tBIE# 2004-3001 182 



mm 2003-328088 ^- v : 2/ 

r^ffll-*- hl±T?£&v> 0 Jifeco (bl) (D^mtLX, tzt^l$\ ZnSe 
^l&^T-T'ti, ^ 7 7 Ki i: Z n M g S S e 1 i/^ ; i $ tit (fchx. 

IftMl) o ZnMgSSe^lv^ Z n S e t^I^^^^^frTC 
joV^T, AyK+'t'^H. 4 e VflJ^i < -rs- fc^-e^ & Q 
1] fPI¥5- 7 5 2 1 7 

[f& Lid t~$~Z>WM] 
[0 0 0 8] 

L^L> ZnSeM^\ ±IS (bl) O^ffii, ( b 2) <7>?r& t i9 ®? 

^<t(i-C^^\ (bl) <7>7jv£<7>^£iI*LT &^®0«&^<iv>/;fb&^o (bl)<7)^ 
fe^: (b2) (Dlj-mttf^^zm&L&iW&lt, ZnSeM-&ft*»K-k*>^ 
i|fttt:*^o Z n S e^mW<D K- t: ynitt(:ov^^f^ 0 
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Z n S e^b^W*fl^f|-r£ I I - V iM^ft^fttli, ffti©^^ pi 
l±, MB E (Molecular Beam Epi taxy) &l<z£ & m^&WT XmM L fzi§&^& v>T 

[00103 

H 7 f±. Z n S e t f&T-^i&^-^l)- & £ 9 KM:Jt3 s P^£ Z nMgSSeOA 
>K^>-y^<h. ^^pl^t'JTM (Na-Nd) t <Dm$k*7Flrmx*&Z> 0 
t?, Nali7 7-b7>-f'gt*t), NdliKt-Mt^^o ZnMgSSe^7Kf 
t77^KtSt, (Na-Nd) 5&*fl&i?-rS£ fc»4 0 i^lKHti. pI^MlJ 
■C**S^ (N) cD*^K-t>7*L/;hL-Ck K4> 7 7°^^;l< t^. 
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&v>#\ 2. 9eV-3. 0 e VSat**S. £ OftjStfV* > K^> y -?X~% h tiZ ^f- 
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Z n S e #©^1? © $ ?> C^: I iPdSli, ±I2pM^9 -y K«^o« 

[00143 

SteKKWLfcJ: r> fc, ZnS e^*t4 I I -V I Mt^^W^ti, pffl K-'< 
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'J 7^JtfiT) — (Af nilA Ec«0fS:T) — (t^pl^7 7 Fi^'J- 

J&fc, Z n S e^H^T-^@*^>14«t LT^liK , ^O^g< t4-i:l4B 
[0 0 15] 

#S&lBt±, ZnSe^Mt^KiJ^r, SHfcSfrf-O*^*:* < 1"* - 1 # ? -C # h Z n 
S e ^Mf T 1 1. ^ t ^ g flU t ^ o 

[0 0 16] 

7 7 y Ymt<Dm^&w.-f2>fti®m*ffiz-z> z n s eiMiK**5o tit, _tiao 

[0 0 17] 
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ttW^OjE?L©iJM&J rf&ttW^OiETLOfftl&J WCfcfttf, pi 
[0 0 19] 

7&j£K*>t f)^#L^v>^ £ t:*5 0 ^(Dtztb, /<U rmZMz-X 1 ) -7 LtzMMiz X 

-oXpM? 7 •? Vm<T>*WT (IE?L) fS»Lf:tLtk m^-nffl Cihtb^mi 

[0 0 2 0] 

±& <-?2>tziblzti. > 7i^> 7 7**7c^ < tlilf J: v\ fit 

ZnMgSSe 7li:ffflt^^, M g «t S fc <Vffl.f&tt § < Lt, M'J 7J1 

O/r/ K^t 7 7*^^:1 < t^ilf J: v^„ z\ot^. Tm<v* * V 72&j£ti£S?T?Jifc 

[0 0 2 1 ] 
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y Kg X *) rtV K^> y -fifijXh < , *0>s*> K*> y 7°/^* # v»*S* t LTfS&^JiS 

nMgSSeti<tUv», fcrtfU fc x.f£ Z n S e mtit feJ-feWiZ 

£ i <h t5 ? T* # £ 0 ZnMgSSeL ZnMgBeSet Offi^-C^^ Z n M g B e 
Se©(i7 ***T-ajfti*3&*/h$ < - ttf&btiXis *) , |h] £/s> k^> 7 total 
ZnMgBeS e <Dte n tfm^Offl C&tbtft^ffM < iJWC, if* Lv> 0 
[0 0 2 2] 

ZnMsSSe^ZnMgBeSe -C/*'J 7iS-f -€-tf>/<> K^> y 

K^r-v y pM^ 5 y KfOA> K^> -7 7°<t •);*:§< L-f^£ fc, pi^7 y KSj&» 

<b vs-ttJi ^oie?l<7)v±a l r mm 1 1£ h <Dx~$£3tmm £ i&r $ & mm * ± c & 0 

[0 0 2 3 ] 

I I I - VlMft^M^I^O^CIi, ±IEpM^7 -7 Kfltf^ 
ffitt*^Ol?LoaAt^4l*a^J!Kli*i «9W«i:*<biv»o Ltf»U III-V 
M^*ffffcI5: 0 , Z n S e mft^W^Tfi, 7|t pl^7 7 K« t O 

±f£I^M^PLT, ZnMgSSetZnMgBeSeH^h, H K4r> ? 

ytLfc»£\ Z nMgB e S e Ola? 5&*IE?L 3 < &&#\ ifctt±fE 

[0 0 2 4 I 

±lE«Dl&IJJ§j&*<b55'ri»<& <fc 9 fc, ^'J 7i<0/0 K^> -7 mt±^ig^'(fi^ft1--2>o £ 
/<V 7SO*tJ|Bh pl777 Ki©A> K^-v y 7\ pI^77Ff©pI 

K _ tr > ^-o^ft^ ^^^-r^o-e. — UEn*3ig-r*ifcii-es*v>o l#>u pi 

^7 7 Ki^/OK^fy/tit^ 0. 0 2 5 eV-0. 5 e § v>$Effll*HC/s'j y 
\?m<Ds<> K^> y -fbit^ 0. 0 2 5 eV-0. 5 e V^^ ^$eHI*J<D/s> y 

[0 0 2 5] 
[0 0 2 6] 

mmvmm 1 ) 

HI 1 !i> ^§tm<Dmm<7)fm^Hn^ ZnS eMW^^ti-C^^o nllt^tl 
lf#miOlCnlZnSe|^^77i (WT\ nl/<?77i) 2^11, 
(OiHnlZnMgSSe?7'7Fi (J£JLT\ nl^7 7Ki) 3 $*iTv>£ 0 n 

fcl±, nIZnS e^^ H e B ^«ifc(± nIG a A s#^ H H a *«^ffl 
nIGaAsf^ B Mtt, Z n S elxe^y^UHMLf 

[0 0 2 7] 

<7)_htC, A'J7I (mif^yVm) 5«L, WJ7i«±i:plZnMgSS 
[0 0 2 8] 

^'J7ii:[i, 12 1:^^7 1:, i SZ m-x- y MgxB e y S e (0. Ol^y^O 
. 1) *lv»4;t^t?ISo if;, A'JTiCH, EI3 Ct^1" «fc d iMZni- x - y 
MgxSySe (o. oi^x^o. i) *m^xi>±^ 0 tztzL, 7»t±Httfl:£1& 
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[0 0 2 9] 

±ISpM^7 y KJBO±Kf±pSZ n S eAy77l7^ttL f^iCpIZ n S 
e/Z nTei^^y^ M8^$^ $ h lz-t<D±.t,Z p US 9 ^ISrtt <b ftt v> 

i: o w mm * en*p l r r&tt s k « % * •& a l t nft * » & » 

[0 0 3 01 

H4 £ i ^'m 5 »i, ni^7 y Ki3/ffitti4/^'J 7l5/pl^7? KS 6 tcis 

tt&^> FW^i^^-rni-eab^o ffi&JS 4 t pi^ ? -J vm (*2^5?kd 6 tow 

*i-Cv>&**, CO i 9 SrgHHiA* V TiiLTZnMgBeSe L 11 

ffi-C*!)^ /<U 71 Z n M g S S e tttffl Lfcft^Ktt, m 5 tc^i" <t 9 A'JTS 
pl?7 y Kl^O^ffitCiSV^-Cflfim^lfflfC^I^M^^^ti^o ifc. /sVT®tc 
ZnMgBeSe Sr^ffl Lfc»£-fc*3V>T & , K^> 7 7°£A£ < LtfSI:, 

19 HI 5 <fc 9 ft* «, 

[0 0 3 1 1 

SiaoTiM (10 0) (OflttZnSeSili:, H U:^t»l 2-8 *f*L 
£ D nShpI^^7-7 KiO«iti:|Ltli, F^f^^ISt^. 9eVt 
, ^oZ n S eltt Js^i-e^Mf^Mi Lf>: 0 A'J7itLt, K^> 7 
■f 3. leV T% ^li»)ZnS e -H&^S^-fS J? $ 2 0 nmOZ 

nMgBeSei^ffflLfCo nSZnMgSSel3, ^'J7l 

KS) 5BiffplZnMgSSel (12^77 Kg) <7)^-lT% -SL^t £ft&Mg*B. 
****** O-C, /£Kt$K<j&M£: £ft*Mg 77 y ^* ? ^&*o fCT\ MggtU 
aftoK-b^tttfflL-cUv^ #2SJfco^Jgfctt, i£^oK-fc;i/&1£ JILT 

Z nMg S S e!6W)SftlilH:MgfflK-b;VOiai$*f5!L, -e-OSJS**^^* * "C* 
[0 0 3 2] 

^•l«0MST*O/^> K^> y 7°<7)$lJ7£-e&£*^ 4 . 2 KW/^ K3»i£a2tf>P L (Pho 
to-Luminescent)^ v h VOW&^K «t OfHfc&g £f IJffl L TIB ( 

[0 0 3 3 ] 

Eg(eV) = |1 2 4 O/A4.2PL (nm) ( - 0. 1 ( I ) 

±15 (I) 0. 1 eV^iL5l^tv^^\ C^l«±4. 2 K**<b^fi^tf>fijg_t 

[0 0 3 4 ] 

»^-5E«:OS^tcHLT*i, XICU (4 0 0) @W<00ffifco-f*tfcj:o-afF«-r 
*C<h* ? -e^* 0 MB EjtHi oT«tJlfl*jfi2 ~8 ZJ&f&Ltzfe, m3ft&*W\fc-f Z> t „ 
ZnSeit^^MUfJ:, 777 KW*»e>OJt«W^v>EI«f fc^fc & 

o ffl:&tf>|l$lT#J&<*>SV**»<bx ^ 7 7 Ki Wl^^V^Mt^ i t^t^o 

fflOj&JltCiS^T, Z n S e^£±tCJt$c!ft)¥^Z n M g B e S e i tzii Z n M g S S e 
[0 0 3 5] 
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[0 0 3 6 ] 

nM&Jitfpm? y v KiCZ nMg S S e U ^/cMf©/^ K^f> y L 

[0 0 3 7] 

jttewfcLT, in i (ommmxifrb, ^vrm (miyyyvm) 5zm^tzVt&Mi& 

[0 0 3-8] 

m i <?>&kmm&.izisi-yz&m 2 ~~ s zns e&u 1 oiict i /a u 

i6>f)4SnlSS-l)SL3to pSZnSe/ZnTeW3>^ni8<0±i: 
ff<^ 1 0 0 AflJ^O^jff^A u mUZT&lS. Ltz 0 %<Dik, 4 0 0 //m^C^^7^7'7'l/ 

[0 0 3 9] 

muMf&mizxm. (cu^Kaii) ^«t& (400) tu^u^u nffci 

^'pl; 9 7 Kg<D|e]#r^-^ ? Z n S e»«0[II#Tt°-^ tit^, ftl^4 0 0 #J^T 
i fc titBLfc, ifc* ZnMgBeSeCHUli, L E Dj&g^HjtffK^ L 
fc^fMRSfeffloAftKis^-r, x*£. (Cu«k«iH) (4 0 0) HJf StSISeU 

Z n S eS^omWkf-^ tifc^, 1* fi «9 4 0 0 **&T"C** £ *«tSLfco 
[0 0 4 0] 

_hl50^^^)ipjc L fcd*o TfiMBJ L L E D £ «t tFJtSc^UO L EDCov^t 
*ffr£«95eLfco iSMi:LT70t;tl 5 m AO— S£*fl£*aE L&t) ? £>, HWt<oytit 
SrflJScLfco HI 6 tciiiJ^*^^1- 0 H6twJ:<xtf, fl£3fe*it«>Jfctfc0!-Ctt 2 0 
t\ JfJS^fllilfjS^ 7 o%fis^-efg:Tl-^-^^^o -tj. #3&9J0H"eii, 
J^<7)7 0%fISi-ejfi:Ti-^)O^4 0 0NF^m±€rS1"^)- ttffrZo $HWJ©LED 

[ 0 0 4 1 ] 

ife^^koWJflJtipS^^ y KffJJKm^ ? V Li: < < tt^tzZ. t K t. oT, pi 
* 9 y Krt*#ft ttc< <^o/:it Kim*.. pS7 7 7 Kl^MLti H £&a6$jW 

[0 0 4 2 ] 

%> o 

[0 0 4 3] 

±SOM'J 7i^o y $l±, pSO/r/K^t'^iHO. 02 5 

eV~0. 5 e Vt^^ (t^^/iUK 
[0 0 4 4 ] 

ytij7i©;r/K^>. 7 707<^#\ pl^77 KJS co^rttX *) 0 . 0 2 5 e V*i 
Lv> 0 t fc, /<V Tm(7>'*y y Z&pm?? y Vm&ZtiX *) O. 5eV 

[0 0 4 5] 

±IH<o/n''; rm<D/^y v^fv y -fizis^x, f ©iMox^^^"- S- pl^ 7 7 k 

[0 0 4 6] 
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fc<SWirfci£;BH-4£J:j&*T?§*o 
[0 0 4 7] 

±|EW<«JTJi*, Be^-a-trl I - V I JJlfb^»### t £ «h **"C § &o iOi 
j£K<fc 0. %jt*jptttfi:T$*&i < Z n S e^Ol&jfc^T-O^tStf-rifc^t? 
& o 
[0 0 4 8] 

ilEO^'J 71^, Z ni-x-yMgxB e y S e (0. 0 1 ^ y sS 0 . 1) tLTUv^ 

O 

[0 0 4 9] 

4iJ:^-C-^o ^ii, ±E(OZni-x-yMg s BeySe (0. Ol^y^O. l)*f± 
[0 0 5 0] 

ifc, ±|EO/n''J T®«:, Z m-xMgx Sy S ei-y (x, y(i0~l©tl) i: Ltt 
J: v^ 0 

[0 0 5 1 ] 

g»M*lJ£t*it^ - Cl*o ±IEOZni-xMgiSySei-, (x. y it 0 - 1 OfS 
[0 0 5 2] 

1 0 0 n m^m^<0±mt LtUK 
[0 0 5 3 ] 

ifBOf nlZ n S e&igi&mtiLZm^-Ci) X iOJS«tffiv>T 

[0 0 5 4 ] 

±ieo^%#S^«^ nIG a A s ijifS H B H ^£ffl v>T & i v\, G a A s mS.it 
[0 0 5 5] 

XjgUHfrOfcf-* i:©f *i£ 1 0 0 OWTt LtU^o 
[0 0 5 6] 

Z\<7)M$.iZ£til£ y ±.U-fti*Wffli-2>Ztiz£ y)5kJtm\kl<zmfitz&m$i<r>Z n S e 

tgfBcfi. (4 00) ±fso-r^<7)PPfij{±, &im^z$Lfcirz>x>-rfr(D 
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[0 0 5 7] 
[0 0 5 8] 

£ c t k £ 19 , ii-vi ^t^%#v#^#*-<7) - ^ k t i> & mmmuM,^ 
m-t&zttmwzti&o 

[0 0 5 9] 

m 1 ] -*$&m<Dmm<vfm^&v & z n s e&%itm?-zm-tm-e&z>o 

[EI2] TiCZnBeMgSe £ffiv^J§^O^Jl#jt & G 
[13] A'JTiCZnMgSSe £^fc*^0«»J*ai*?jrrig-C*&o 
[[14] /'C'J 7JBKZ nBeMgSe Kflliifc^-f m-e*&o 

[EI 5 ] /<'J ZnMgSSe Kfliatr^t'Bl^abSo 

[HI 6] mM&ftTX~<Dfkftm¥<nm&&Mk&&i7F;~rffl-C$>2> 0 
[07] ZnMgSSei:i3(t^> (Na-Nd) b Y*f * v :/Egfc OH^fc^ 

[0 0 6 0] 

1 n SKL^^a£te&&. 2 n!ZnSeA777i, 3 nlZnMgSSe^ 
7 7 Ki, 4 5 ^''JTi (§177 7 Ki) , 6 pIZnMgSSe77 
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